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material attractive for long delay line applications.

Introduction

In the last ten ye«arsl there has been a large
amount of work in the study of surface acoustic wave
{SAW) devices and their application in microwave eng-
ineering. A rather large number of piezoelectric mat-
erials axist in nature, however, only a relatively few
have been examined in detail for possible SAW 2appli-
cations. There are several important properties which
one can look for in a candidate material which might
prove to be important in a device application. Some of
these properties are (i) high piezcelectric coupling,
(ti) temperature compensated crystaliographic cuts for
which the temperature coefficient of the transit time is
zero, (1ii) low loss in the surface acoustic wave, (iv)
very low or very high SAW velocities, and (v} low power
flow angle for the SAW. Depending upon the applicat~
£ ion of the SAW device, one or mcre of the above cri-
terta should be satisfiad for the'piezoelectric material.
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Some piezoelectric materials have been studledz'3
in order to detsrmine their possible usefulness in SAW
devices. However, only & few ma:ei:als satisfy one or
more of the above criteria. LiNbO3~ is one of the most
comronly used materials and exhibits the highest

3 lectric coupling. This material, howevar, pos-
zsses a high temperature coefficient of delay. Cnly
artz and Tel; possess temperatwe compensated cuts.
or applications requiring temperature stability, such as
SAW encoders and decoders§ quartz is used. However,
the piezoelectric coupling of quartz is about 1/30th

of the coupling in LINbO3 while the coupling of Te0; is
about 1/5th the coupling In quartz. Composite structures
have been \.'.s-:»d°'7 to satisfy the temperature compen~
sation criterion but the fabrication prcblems are more
For long delay lines bismuth germanfum ox-
ad due to its relatively low SAW velocity. The
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It is the purpocse of the presant paper (¢ thecretll-
cally calculate the surface wave velocity, the piezo-
alzcirt~ coupling and the power flow angle for 14103 in

st llographic directions. This material cry-
: {n the hexagonel structure® ~1land belongs to
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THE SURFACE WAVE PROPERTIES OF Li10, "
3 V.B.Ilpson’. ].F.Vetelino, J.C.Fteld, D.G.Morency and D.L.Harmon
Department of Electrical Engineering o
3 University of Maine, Orono, Maine 04473 ;<~«
" ABSTRACT. The surface acoustic wave (SAW) properties of L{I0 are theoretically studied in order to eval-
udte its potential for use in related SAW devices. The surface wave properties were obtained by solvinc e
- coupled electromagnetic and acoustic wave equations subject to the appropriate boundary conditions. ari-
B ation of the SAW velocity, pilezoelectric coupling and power flow angle were obtained as a function of ¢: alle-
] graphic orientation. 1i103 was found to have more then 1.5 times the plezoelectric coupling of LiNbO_, atively
3 Jow power flow angle and SAW velocities in the range of 1900 m/sec to 2300 m/sec. The high piezoele ric

coupling occurred for Z-cut LilI03 and was independent of angle. The low SAW velocity and high couplir make this

the peint group 6. The motivaticn for studying the SawW
properties was ?331‘5 the exiremely large piezoelectric
effect observed {n this material and hence the pos~
sible use of this material in re!ated SAW devices. Pre-
Iiminary experimental meas:rg'ge_:,:s and theorstical cal-
culations have been performec - -©nLil0j. Thesesres JAts
indicate that this material has both large piezoelectric
coupling and & relatively low SAW velocity.

In the present work the SAW properties are ob-
tained by solving the cougled electromagnetic and ac-
oustic wave equations subject to the appropriate dot nd~
ary conditions. In particular the suriace wave velocity,
the piezoelectric coupling and the power flow angle are
calculated as a function of angle for all the stancdard
crystallographic cuts. Lil03 is then compared to other
common SAW materials and a pes e application of
this material in a related SAW device is discussed.

N

Theory

. In a piezoelectric medium the coupled e
magnetic and acoustic wave equations may be writt
as,

bzu. bzu 4
D—J— -C —k e = 2 =0
] i1 & o)
°t2 ke dx x, ki) 8x 9%,
and (1)
°2“k e
€kt € =

where p is the density; §, j, k, £ =1, 2, 3; u , the dis-
placement components; X , the rectangular coordinate;
Cyjxt the elastic constant tensor; exy;, the plezo-
electric tensor; gy . the dielectric permittivity tensor:
and #, the scalar potential. In the zir above the piezo-
electric medium the potential satisiies Laplace's eq-
uation,

vlo=0 . 2)

If equations (1) and (2) are solved simultanecusly sub-
ject to the cond{tions that the stress vanishes on the
surface and the flux density is continuous across the
boundary the SAW velocity may be obtained.

A measure of the plezoelectric rling berween
the electromagnetic wave and acoustic wave can ¢ o=
talned © bw calculating the change ir etwee!
a surface wave propagating on A g te
bounded by & vacuum and a surt t N
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2 piezoelectric substrate with a masslesg infinitely thin
conductor on the surface. This may be reascned as
follows. If there was no change in the velocity, there
would be no interaction between the conductor and the
surface wave. It 1s then concluded that an electrode
corfiguration having tengential electric fields at the
surfoce would have i 1o effect in surfece wave genera~
tior.. However, i th locity change was significant
the electrode-suriace ve interaction should be great-
er. Mathematically, ' : plezoelectric coupling is meas~
ured in terms of veloc v change as follows,

Av s -VO (3)

v v

where
v = velocity of a surface wave on & free surface
and
vD = velocity of the surface wave with an in-
finitely thin massless conductor on the surface.

Obviously, a material which has a high value of 4v/v
relative to other piczoelectric materials indicates 2 sig-
nificant interactior betweer the conductor and the sur-

face wave and hence substantial piezoelectric coupling.

The power flow angle may be obtzined by evaluat-
ing the complex mechanical anc electrical power com-
ponients. The corresponding angle between the average
electromechanical power flow and the direction of pro-
pacation is define€ as the power flow angle. Both the
power flow engle and its rate of change along & crystal-
lographic cut chould be quite low.

Results and Discussions

Th= surface wave velocity, the piezoelectric co-
upling and the power flow angle were calculated by the
computer program ceveloped” for LiGalz. The exper-
imenta] data for the elzstic constants and the piezo-
elactric constants were obtained from the work of
Bz ss".:'hll while the dielectric_constants were obtained
fror the work of Warner et al.
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IMowe 1. The vartation of the SAW velocity, &v/v and
the power flow angle for standard crystallographic cuts
in 14103, Z cut occurs at bY ni’d Y axis cylmjer,(". 2-
axie boule at X and Y cut, 90 and Z-axis cylinder at
X and Y-axis boule, 90",

’

The varietion of the surface wave velocity, the
piezoelectric coupling end the power {low angle is pre-
sented for six standard crystzllographic cuts in

Figure 1. The cuts have been connected so that there
is a2 continuous varjation for the quantities of interest.
The values for the Z type cuts, {.e., Z-cut, Z-axis
boule, and Z-axis cylinder are not shown but may be de
cduced from Figure 1. Because of the hexagonzl symme=
try of the 11104 lettice there {s no variztion in SAW pro-
perties over any of these cuts. The values for the SAW
properties of Z-cut are those of X and Y-zxis cylinder
at 0°, for Z-axis boule they are those of X &nd Y-cutat
90" while for Z-axis cylinder they are those of X and Y-
axis boule at 90",
Table 1 Maximum Av/v and maximum &ané minimum SAW
velocities for various piezoelectric materials.

Maximum Minimum Maximum

Material tv/v (x1072) Vel (M/sec) Vel (M/sec)
u103° 4.34 1904 2258
LNbo,® 2.8 3318 4000
m«oé> .87 3110 3390
leGeOZOC .80 1623 1834
uc;aoéj .66 3173 3475
QuartzP .11 3175 3840
TeOzb .02 825 2028 .

apresent work

bReference 2

CReference 22

d

Reference 3

The most attractive cut in LiI03 for possible SAW
applications is Z-cut. The piezoelectric coupling re-
aches its maximum value and remains constant through=
out the cut. The power flow angle is not toc high and
its corresponding rate of change along this cut is zero.
fven though the SAW velocity is quite Jarge for Z-cut
in comparison to other cuts in LiI03, this velocity is
still rather low compared to the SAW velocities of many
of the commonly used SAW materials.

11103 is compared to some of the other SAW mat-
erials in Table 1. In particular the minimum and max-
fimum SAW velocities and the maximum piezoelectric
coupling are presented for various materfals. 14103
possesses the highest piezoelectric coupling of the mat-
erials listed. In fact its coupling is more than 1.5
times the coupling in LiNbO3 which possesses the high=
est coupling of the commonly used SAW materials. The
SAW velocities in L1103 are Quite low and only slightly
higher thar those occurring in Bi) 2Ge03zp which is a
material commonly used in long delay lines.

L1103 has definite possibilities for device appli-
cations. Its high coupling plus relatively low SAW
velocity make it an excellent candidate material for
long delay lines. The fact that there is no variation in
the surface wyve properties for Z-cut 1103 would de-
finitely facilisate the delay line design. Further ex-
perimental work would determine the usefulness of this
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material  for other SAW devices such as filters, re-
scrators, directional qouplers etc. One possl"le pro-
blem might arise in the fabrication process Jue to the
fact that 14105 is slightly hygroscepic. Perimental
work in the measurement of surface wave properties

and the design of long delay lines is currently under {n-
vestigation.
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